T HE development of a method" 2 to obtain triple equisensitive pressure pulses in the left atrium, left ventricle and aorta in the heart exposed at operation, and to display them together, with the same baseline, made it possible to visualize the mechanical events of the cardiac cycle and to measure their phases with great accuracy. It was apparent that the method lent itself naturally to a study of the genesis of heart sounds and murmurs, provided it were possible to record the sounds simultaneously and with sufficient fidelity.
METH ODS
An oscilloscopic recorder was designed' utilizing a single-gun electron tube, in which the beam is split into 8 parts by an electron switch operating at the rate of 26,000 per second. This unit contains an electrocardiography channel, two phonocardiography channels, three pressure channels and finally two "pressure difference channels" by means of which continuous pressure differences between 2 adjacent channels may be obtained by electronic subtraction of the outputs of the 2 pressure transducers involved.
With this recorder, it is possible to obtain 8 parameters simultaneously without significant parallax error. The only timing error lies in the transmission delay of the pressure events through the plastic tubing-stopeock-pressure transducer system, which we have found on a previous occasion3 and Note that the first heart sound is of shorter duration and lesser intensity in the premature heat, which may be explained by the small quantity of blood ejected.
In the first beat, the second heart sound coincides exactly with the dicrotic notch of the aortic pressure pulse and the closure of the aortic valve. This is also true of the premature beat. (The phase of reduced ejection of the left ventricle in the premature beat is slightly distorted.) A sound of high intensity which occurs at the pulmonic area shortly after the peak of ventricular systole in the third beat, does not coincide with any of the pressure events on the left side of the heart. That this is an artifact is attested to by its absence in the remainder of the record.
In figure 2 taken at fast speed, the correlation of the heart sounds with the events of the cycle on the left side of the heart is mnore readily apparent. This photograph also denionstrates, with greater clarity, the continuous pressure differeiice across the stenotic mitral valve (here labeled "'L.A. to TAT. gradient'). SYMPOSIUM ON CARDIOVASCULAR SOUND not well depicted in this illustration, it is apparent (and it is also a well-known clinical observation) that the murmur is loudest in early and late diastole. This corresponds to the periods of maximum pressure difference and presumably maximum blood flow across the valve. Figure 3 , from a patient with aortic stenosis, shows several characteristic features. The ventricular pressure pulse has a peaked contour (similar to that found in the right ventricle in pulmonic valvular stenosis). The aortic pressure pulse has a slow upstroke, delayed peak and poorly defined dicrotic notch. The continuous pressure difference across the aortic valve ("ejection gradient") is shaped like an inverted V. In most beats in this case the maximum pressure difference precedes the peak of ventricular pressure.
The aortic systolic murmur begins a short time after the first sound; the latent period representing part of the time interval between the beginning of ventricular systole and the beginning of ejection (isometric contraction phase). The murmur demonstrates the characteristic diamond shape, which in each heart beat may be seen to correlate closely both in time and intensity with the continuous pressure difference across the valve. From beat to beat, the intensity of the murmur also varies directly with the height of the pressure difference.
The second sound, visible on the aortic phonocardiogram, apparently arises from the pulmonic valve, as it occurs much later than the closure of the aortic valve as determined by the cross-over point of ventricular and aortic pressures during diastole.
